A negative magnetoresistance is observed in Si/SiGe modulation doped heterostructures which is attributed to the single particle quantum interference (weak localization) effect. From analysis of the experimental data the electron phase coherence time τφ is extracted to follow a (αT + bΤ2 ) -1 dependence. The evaluated prefactor α = 0.25 is below the theoretical limit of 0.5, but agrees with observations in Si and GaAs/AlGaAs heterostructures.
A negative magnetoresistance is observed in Si/SiGe modulation doped heterostructures which is attributed to the single particle quantum interference (weak localization) effect. From analysis of the experimental data the electron phase coherence time τφ is extracted to follow a (αT + bΤ2 ) - Advances in epitaxial growth techniques of Si/Si 1-x Gex heterostuctures have resulted in high-mobility twodimensional electron (2DEG) and hole gases [1, 2] . These heterostructures are of considerable importance for possible device applications. Since the carrier mobilities in modulation doped Si/Si1-x Gex samples available exceed those of Si metal-oxide semiconductor (MOS) devices by far, studies of carrier transport which were previously restricted mainly to the GaAs/Ga1-xΑlxΑs system can now be performed in Si based systems.
Magnetotransport measurements on Si/SiGe heterostuctures were performed in order to investigate the effects of weak localization (WL) and electron-electron interaction (EEI). Applying the theories of WL for 2D systems, we have extracted from the data the temperature dependence of the phase-breaking time τφ and the prefactor α.
The Si/Si1-x Gex heterostucture M4 was grown at 550°C on high resistivity p -substrates using an ultrahigh-vacuum chemical vapor deposition (UHV-CVD) system. A 500 nm thick Si/Si1-xGex superlattice buffer with an average Ge content of 0.3 is grown to serve as a strain relief multi-layer [2] . Above the superlattice (SL) a partly relaxed 50 nm thick Si 0.7Ge0.3 alloy buffer is grown, followed *This work is supported by "Fonds zur Förderung der wissensch. Forschung" Austria.
by the 10 nm wide tensily strained Si layer and a 4 nm wide Si0.7Ge0.3 spacer. The phosphorus doped Si 0 . 8 Ge02 supply layer (ND = 4 x 10 1 8 cm-3) is followed by three cap layers. The biaxially strained Si layer forms the well, in which the sixfold valley degeneracy of the Si conduction band is removed, and for the two ground state valleys the in-plane effective mass mt = 0.19m0 and the vertical mass ml = 0.92m0.
The transport measurements were performed on lithographically defined Hall bars with a channel width of 140 μm, a channel length of 450 μm and voltage probes 200 μm apart with ohmic AuSb contacts. The magnetoresistance Rxx was measured with a 69 Hz AC technique and sweeping the magnetic field from negative to positive values without stopping at zero. Hall effect measurements of sample M4 give a carrier concentration n s = 9.85x 10 15 m -2 and a mobility μ = 1.53 m2/(V s) at 4.2 K. Figure 1 shows the dependence of Rxx for small magnetic fields B up to 0.05 T at T = 1.57 K. The narrow peak (a negative MR) due to the WL effect is clearly visible. Above B = 0.15 T a positive MR is detected, which is temperature independent and may be caused by a parallel conduction path. For even higher fields above 0.5 T another negative MR is observed which is strongly temperature dependent and can be attributed to EEΙ in the diffusion channel [3] . In the following, only the negative MR due to WL below 0.1 T is analysed in detail.
According to Hikami et al. [4] the effect of WL on the conductivity can be described by where W denotes the digamma function with D -the diffusion constant, ;W L the elastic scattering time and τφ -the phase coherence time. In the prefactor the valley degeneracy gv = 2 and a phenomenological factor α enter. In addition to the WL effect, the contribution from the Cooperon is taken into account. The Cooperon describes the electron-electron interaction effect in the particle-particle channel [5] .
The good agreement between the fitted curve (solid line) and the data points is demonstrated in Fig. 1 . For the nit, the elastic scattering time τeWL was assumed to be equal to the transport time τ t = 1.7 ps as calculated from mobility. The obtained phase coherence time Τφ = 29.7 ps due to inelastic scattering is much larger than τt . A prefactor α = 0.25 ± 0.03 is obtained which is smaller than the values between 0.5 and 1 as predicted by theory [6] , but is in agreement with estimations of the WL effect from experiments on Si inversion layers [7] and GaAs/AlGaAs heterostructures [8] . The Cooperon gives a positive MR contribution at small magnetic fields, but according to our fit, this part is smaller than ten per cent of the WL effect. In principle, the weak localization is also affected by spin-orbit scattering but according to fits with the full theoretical expression [9] the spin-orbit scattering time τSO for our samples is at least a factor of 10 larger than τφ and does not contribute.
The full circles in Fig. 2 show τφ as obtained from fits of Rxx for different Τ.
At low temperatures the inelastic scattering is dominated by electron-electron interaction and one has to distinguish between the dirty metal and the pure metal case. In the dirty metal case τφ α Τ-1 whereas in the pure metal case τφ α Τ-2 [6, 10] . If the system is in an intermediate state, both cases will contribute and τ^ 1 may be approximated by αT + bΤ2 [11] . The solid line in Fig. 2 represents a fit with α = 5.3 x 10 9 s-1 Κ-1 and b = 1.2 x 10 10 s-1 Κ-2 which indicates that our system is in the intermediate regime. The dependence of τφ as deduced from our measurements on a strained Si QW is in good agreement with the theoretical predictions [6, 10, 11] which give α' = 7.09 x 10 9 s-1 Κ-1 and b' = 4.0 x 109 s -1 Κ -2 . Therefore the experimentally determined values of τ φ a r e a b o u t a f a c t o r t w o s m a l l e r t h a n t h e c a l c u l a t e d o n e s . E s s e n t i a l l y s i m i l a r results were obtained for another Si/SiGe modulation doped sample grown on an optimized SiGe alloy buffer layer which allows low temperature mobilities in excess of 10 m2 /(V s). However, for our investigations, the spacer layer thickness of this sample (M60) was chosen to be just 25 Å, and the mobility at 4.2 Κ was about 0.7 m2/(V s). The experiments were performed down to Τ = 0.35 K, where τφ is about 70 ps. Prasad et al. [12] report for Si/SiGe QW's a dependence of ηι, = L^/D α Τ' 1 5 which also indicates the intermediate regime between dirty and pure metal case.
In summary, the weak localization correction to the conductivity of a 2D electron gas in a strained Si/SiGe heterostucture was evaluated in order to extract the phase coherence time τφ and the prefactor α. Concerning Τφ , our system is in an intermediate range between the pure and dirty metal regime and the evaluated values agree with theory. The prefactor α (0.25) is smaller than its lower limit of 0.5 according to theory [6] , but agrees with the analysis of weak localization measurements on Si inversion layers and GaAs/AlGaAs heterostructures.
